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L A method to fabricate a twin MOKOS memory comprbijng: 

Ibrmmg m oxide^mtnde^oxide (OlSfO) laver ova'lying said substrate, 

deposUii^ a fmt palysUicon layer ov^rlySng OKO layer; 

deposiimg ^ cap r:itride layer cverlymg said &m pol^'silicon layer; 

patien^flg mid Jtiiride fey«r m md first polystlicon layer; 

fbf rniQg an oxide ttmk on sidev^alis of said pattm«d ca^ nitflde lay^; 

tfeer«aii^r etching tlimugli md €\M pcAyMtofx ky&r rtot Ci:>v«fed by satd cgp 
miride layer md md oxide mask to form iim trmches atrsd removing m4 ONO layer 
e^posi^l wiiMn $$id iim trei^chies by md ^tchmg; 

fomrng oxide spacer ji on mhw^iis of sakt first trenches; 

thereiiilcii' dejx>siting a second f^olysilicori layer whUn first tretiehes mt4 
recessing md s^ond polysiHeoa Jayex below md cap uitride byer; 

depo^iJtJOg m 0xid^ hy^ overlying said recessed^ second poly stlicos layer 
vvterdn said recessed second f^oly&jgcon layer forms raised difftjisj.03i:s; 

etefemg rn^y rmmmt% mi &m f<^ynimm layer not covered by said oxide 
mask, feaiving control gaies underlying said oxide mask wher^im s»kl ONO hy^ \m only 
midmnfmk said mmxol gm^ md leaving secorid trenches; 

depositij^g a $ecoml oxide liayer Imkg ^akl second tjre»cfees; 

tliereafler deposidng tliM polystlicoR layer within §aid $itcond trenches to ihtm 
word gates between each two comrol gates and to fomj word Ones averlyi-iig an^l ?:romn| 
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said word gates; 

ft«ning murct mi dmn regions, 

covering %m4 gjtt:<»;$ with & iby^r: m6 

rj^iskmg co«u%:.t.$ Ui¥^M:gj:!i mhi 4klov^d>; Uyt^i iu i^uuj ^i^rf ds^iirH^^^^lonji lo 

tmm word Ike com^ti^ md MfmQn ^mm said Twin MONOS tmm>ty 

2. Tfe€ .mg^li^ixi: accoj<ling to Claim I wher^m mpofMmmg uM (mdi^-mt\m- 
oxids (ONO) layer coii:^prm=55:: 

tltermay^ powitig a oxj<ie kvo^r an saM ^bstrMe surfeee; 

tiitry y ^nEg mM hue mtde hym m & I^B.^ ^t^imti 

4^pmkmg iimtn4^ layer ov<srlymg sM fiitddited; b^M ^xid<^ kyw< 

dcpomng n mp oxide l&y^r m^rlpBg $M mtMsr iaj? ar; m4 

c»%jdhlng siald mtrlde l^fM m ^Mi\z^^ & boqr^d^ bmve^ about: ^HMt md 

3. 11$e ?fi«sti)od acceding to Omm t &rthef comprismg ar^rie^ling said mm4^ h^m In 
HO ^fl^r <ieposlt:k| said Mri40 U^m:. 

4. Tlie ^cco^ding to CMm 2 fiinlm mmpming mrmlm$ %m om hym m HHs 



5. Th« melbod acandfeg to CJaim 3 vvbereiri s^M mp of formmg said D5j:Me-«iMdd" 
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oxide COMO) kym coo^mes: 

abj-yigiag jsa.y bass ta^ex baKHj amy«ini*; 

d^o$kjBg » ttlrti^e l^«f oviiffiyiiig said b»s6 ml^ hym; tiM 

mMmng mid mttiit kygsr m (mn. a tap miM laj?ef overiprsg say mxklta ky«f, 

Tk aoconiir^ to CMm 1 ttdlifir mrapnsitig anis^liag m4 iy^n MOHOS 

^, The ^«tliod sccwdrng to CMm 1 wherein A^iec ele<aroas stwd a mtr portion of 
bcmom <»s;y«f portfM Is Mtmc thta ^ t«p oxide portbn of sdi ONO Isy^, 

of sglU OHO laji-er are to mmM. ?hro<,2gh a to^ oxitde pojtb« of OHO layec, a top 
oroide p<^k^» b ^inm to a boUosJi oxide pixilm of sard 0M> layer. 
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1.1 . The medM aa^ordittg u> Claim 1 wherem mA oxide m^%k \m & thicte$ of 
b^wtieii about 20 and 80 Jini. 

12. The fti^iUtod acuordsisg w Claim 1 runhej comprising iimpkmiiig pniype dopam imD 
said tlrst polysilkon layer to dimbMc m ^temroa source tkough said OHO l^yer dui:i3:ig 

13. tli$ c?tettsM acoardittg to CMm I fUrtfefcf comprising biplsntijig hmm »f BFi ioi^s at 
a lilt angle mi mh%ivm under said ilm poiysiUcon lii>XT to fonn a comroi gste 

14. IM m^ikoi acwrding to Cbim 13 foftber comprmng implsmi% HgMly dop^d 

dopam said control gate chanjid to j^fiveiit ht^le $caimuiatioJi F-H erase 
operation. 

B. The method according, Claim i ater said. .9te|) o.f removii^g mi ONO fe^ysr <?xpp:ssd 
withk said tr^npties* iiirthei e^^sprismg Imptiuiiting lorn m fbmi LDD regions. 

16. IhB r^jetfeod accordii^ to Claim 1 wherein said raised diSlasions form bit difftisfens 
betwetm mi^ comoi gates to mdiiice bit resistarice. 

17. The meihod accoidintg to CMin \ whet^iti «ecoitd poiysiljeoii layer is; reaeissisd 
50 to \ 5D nm from a top sutf ac^ of said cap mtr ids layer. 
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18. The method according to Claim 1 wherein said word gate is a step word gate wherein 
said substrate is etched into a short distance during said step of forming said second 
trenches. 

19. The method according to Claim 1 wherein said second trenches have a positive slope. 

20. The method according to Claim 1 further comprising saliciding word lines. 

21 . A method to &bricate a twin MONOS memory in a CMOS process comprising: 

providing a memory area and a CMOS area separated by isolation regions in a 
substrate; 

forming a deep N*well in said memory area; 

forming an oxide-nitride-oxide (ONO) layer overlying said substrate; 

depositing a first polysilicon layer overlymg said ONO layer; 

depositing a cap nitride layer overlying said first polysilicon layer; 

patterning said cap nitride layer to said first polysilicon layer in said memory 

area; 

forming an oxide mask on sidewalls of said patterned cap nitride layer in said 
memory area; 

thereafter etching through said first polysilicon layer not covered by said cap 
nitride and said oxide mask to form trenches and removing said ONO layer exposed 
within said trenches by said etching in said memory area; 

forming oxide spacers on sidewalls of said trenches; 
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thereafter depositing a second polysilicon layer within said trenches and recessing 
said second polysilicon layer below said cap nitride byer; 

depositing an oxide layer overlying said recessed second polysilicon layer 
wherein said recessed second polysilicon layer forms raised difiusions; 

etdiing away remaining said first polysilicon layer not covered by said oxide 
mask leaving control gates underlying said oxide mask wherein said ONO layer lies only 
underneath said control gates and leaving second trenches; 

patterning said first polysilicon layer in said CMOS area to form logic gates; 

depositing a second oxide layer lining said second trenches and covering said 
logic gates; 

thereafter depositing a third polysilicon layer in said memory area within said 
second trenches to form word gates between each two control gates and to form word 
lines overlying and crossing said word gates; 

forming source and drain regions in said CMOS area and in said memory area; 

covering siud logic gates and said gates in said memory area with a dielectric 
layer; and 

making contacts through said dielectric layer to said source and drain regions to 
form word line contacts and diffusion contacts to complete said Twin MONOS memory 
device. 

22. The method according to Claim 21 wherein said step of forming said oxide-nitride- 
oxide (ONO) layer comprises: 

thermally growing a base oxide layer on said substrate surface; 
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nitridizing said base oxide layer in a NH3 ambient; 
depositing a nitride layer overlying said nitridized base oxide layer; 
depositing a top oxide lay^ overlying said nitride layer; and 
oxidizing said nitride lay^ to stabilize a boundary between about nitride layer and 
said top oxide layer . 

23. The method according to Claim 21 wherein said step of forming said oxide-nitride- 
oxide (ONO) layer comprises: 

thermally growing a base oxide layer on said substrate surface; 

nitridizing said base oxide layer in a NH3 ambient; 

depositing a nitride layer overlying said base oxide layer; and 

oxidizing said nitride layer to form a top oxide layer overlying said nitride layer. 

24. The method according to Claim 21 wherein when electrons stored in a nitride portion 
of said ONO layer are to be erased through a bottom oxide portion of said ONO layer, 
said bottom said oxide portion is thinner than a top oxide portion of said ONO layer. 

25. The method according to Claim 21 wherein when electrons stored in a nitride portion 
of said ONO layer are to be erased through a top o)dde portion of said ONO layer, a top 
oxide portion is thinner than a bottom oxide portion of said ONO layer. 

26. The method according to Claim 21 wherein said oxide mask has a thickness of 
between about 20 and 80 nm. 
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27. The method according to Claim 21 further comprising implanting p-type dopant into 
said first polysilicon layer to eliminate an electron source through said ONO layer during 
F-N erase operation. 

28. The method according to Claim 21 further comprising implanting boron or BF2 ions 
at a tilt angle into said substrate under said first polysilicon layer to form a control gate 
channel. 

29. The method according to Claim 21 further comprising implanting lightly doped n- 
type dopant into said control gate channel to prevent hole accumulation during F-N erase 
operation. 

30. The method according to Claim 21 wherein said second polysilicon layer is recessed 
50 to 1 50nm fi-om a top surfece of said cap nitride layer. 

3 1 The method according to Claim 21 wh^ein s^d word gate is a step word gate 
wherein said substrate is etched into a short distance during said step of forming said 
second trenches. 

32. The method according to Claim 21 after said step of removing said ONO layer 
exposed within said first trenches, fiirther comprising implanting ions to form LDD 
regions. 
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33, irh^ meihod acwrdiog to CMm 21 Bxtihi^t f^omptimg stalky Uif said wwd lines. 

34, A Method io %kmm ^ iWM MiMOS mmm^y ixi ^ CMOS pto^m^ mmprimg: 



fOfDfrdng a tkep M -wdl m m4 mmmy mm; 

homing m oxid«^^niUrisi^^<^y«t (0^^ o^^\^\n$ m4 mb^^m^^ 

depositing a c^> mixxd^ kyer ovedyh% fxm pt>htMmn kyer; 
p^^jtommg mi^ mp m^ida^ kyer to 8m jK%sllfcDri layer in m^m(>rf 

mm; 

ikmmMt tlsmygh m4 tint pmf0m<m hy^ tm cm^ttd by oay> 
nMM md mi4 i^md^ muk m form ixMefees r^mov'mg md iMO l^pir «>s|>ose:d 
srnd itmcim by md etching in said memoj>' ar^a.. 



mi s^oood poiy$iiic?on layer Wow %m4 nitride layer; 

d^^oshtj^g an.05^ld*t^ f^y^r ovijriyi^^g ssdd r^ee^v^ed s^emd ^i^lpiiko?^ ky^r 



^ ttaemory area and a CMOiS ar asa s^pamted by isobtk>ri ngmm m a 
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etchii^ sway f«»sal«i.8.g said first pofystBcon feyer not cm^mi hy Md omd^ 
mask leaving wnml gues u«derlyfeg said oxide mask wher^n said ONO layer lies onlv 
un.<l«f fisath s^d wmtoi gates mi leaving: second nmcktr, 

<kpo%i1xfig a second oxide layer lining said second trencher; 

ther^ii«r deposiUog a tfeM pttlysllicoa kyer m mi nwm»fy mm\ vMm s&id 
secoTKJ Jrencfees to fornj woid gate* betwceo ead> two control gates and to form wotA 
lines oveilyiftg and aossing said^ word gates and pmemitig said tfeiid ipofysi lia^a Issyer sn 
s^d CMOS to form l<^ic gauts; 

jSwtnbg source 4mn regioKS in said CMOS lurtfa sdd k said jaemorj? are*; 

covering 4iaid togic gates md said gates ifi ^aid memory stm with a dieie<^«c 

teycr • 

raaiciog «©atsQts tbtoM^ md dielecmc layer to said source and draia regions to 
form word ike coMacts and dHlbisbo contact to con^lete said TwJ« MOHOS m&nory 

dwke.. 

CLAIi\/IS 35-47 (CANCELLED) 

4$. A TOetbod to fabricate a twttt MONOS memoiy. ooinpriiang: 
foraiifig a deep M-weil in a. submte; 

forming m o>dde*ail;ride*oxlde (ONO) kyer overtfmg md sttbstrate; 
dqjosiiting « fsrst polysiticoa layer overlyi.ng md OHO layer; 
deporting a eap nstride layer overlyiog ^aid fmi poiysilic<»^ layer; 
pgtterniRg said cap pitf ide layer to said ^lysiiieott layer; 

CLAIMS 49-50 (CANCELLED) 
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m DKide-tjia ide-oxlde (ON0) layer ov^lybg md sufesiMe; 
deposilmg & ftnt polysilicon lay^r overlying said OHO layer; 
deposimng a cap nii^l de layer Wi^riyiftg said first polysiicM Uy^r, 
psttenabg: said cap mtride layer to $&id ftrsl polysi lict^ri layer; 
|;>:rn5ifig an oxide tmsk Qn MmdMs of m4 pmm^ imp mtnit layer; 
etcbiitg away md cap nitride leaving a bcjped said 0xide m^lvSk on said first 
po!y^ilioon layer; 

selectively mi^ng md looped oxids ia:ask at both ends of a block into two lines 
wfeerefe. a^i^<:«M cmml lines of adjacent \oop^ M^mi 'Mmiaufy, 

thereafter <^cfcbg m^y said fmt pelymliaiirt layer mi c*ver<^ by said oxide mask 
and said under lymg ONO layer, leavm|; coatml gates underlying said oxide rmsk 
whereiii said ONO kyer im aaly uMemcath m^i conkol gm^ md leaving trenches; 

implamifig sow^e/draJiR dtf&sions into said substrate isnderiykg ^aid trejiches; 

iitereafler SlUng said trendies wi?i) mMnK 

Jhereailer forming a common source liine and bit coritacts to some of said 
sotirce/draift dilIu$ion§; and 

formiitg bit iisie ccmtac^s and control gate comacis and coimectmg said! bk 
WTitacts elo^g said bit Ike by m mmlymg xmM line to coiiipMe said I'win MONOS 
meri^ory device, 

CLAIMS 52-56 (CANCELLED) 
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57, A method tQ fabricate a twm MONOS m^^i^or:^- «ompmiftg: 
formmg a deep N-well in a substrate; 

fbrjuntg m. oxye-itkride-oiside CONO) kym mcirlfmg md substrate 
depositiflg a first pol)f^iBa>n layer overlying said OMO layer; 

pauembg md cap nitricle layer to firsi polysiKcon layer; 
tbnTsing m oxide masfe: cm sidfewal lsi of said pMt^med minM layer; 
etcliing away said cap aimde leaving a looped uid oxide mas^k or said first 
polysiikoii 1ay«ir; 

sol^mv<f|y ci^Umg hopiStd o%id^ m^^k «t hoik «n<l» of a blo^k m^^s tw^ imm 
x^h^mh ddjaao<5t <?o]fiiiroi Ikm Qi^dj&^tm imp^ cut alt^sn^Meiy; 

the«a^=5J' eiehfeg mvay said iK^lpiicom layer a^Jt covered by m4 oxide mask: 
and said udd^rlykg OHO layer, l^avin| cor^trol gMe$ usdisriyitjg m4 (mit- muk 
whmm mid (MO lay«^ only undlerr^atli ujd conml gate« giftd Ummg umchm; 

lxfip\mtm$ murm"irm 4iB^ km md sufestrare md^ilying smd trenches; 

tJ^r^i^te Sllmg sa$d tr<?«cfeQ:$ with oxkie; 

te^^i^sf fon^umf local «;oft1.aots m $aid m^m^ dtB^^hm lo tmm m%nmm mvitce 

Htm, 

forming bit cofitaat^t^ said #amdltlasbns conmctin^ §ald \M comact;$ ^k>n$ 
$aid bit: itm fey an overlyir^g metai m^d 

fermkig€<>nirol gate co:ntac£s: to c<)2ij|>l:ei:e ^d Twin MOHOS memory* devm 

CLAIMS 48-62 (CANCELLED) 



